substance obtained from a mold which was later identified as Aspergillus flavus, which inhibited gram-negative as well as gram-positive organisms, and suggested that it might be similar to the substance described by White. Experiments by , in which both White's and Glister's strains of Aspergillus flavus were used, have shown that identical substances are produced by both. It has been shown elsewhere (McKee and MacPhillamy 1943) that the same variant of White's strain of AspergiUus flavus, used previously for the production of aspergillic acid, is capable of producing under different methods of cultivation an antibiotic substance similar to penicillin. This has been called flavacidin. Bush and Goth (1943, a, b) , Heatley (Florey, 1943) , and Waksman and Bugie (to be published) have also obtained from Aspergillus flavus antibiotic substances similar to penicillin with properties differing from aspergillic acid.
In previous work (Rake, McKee and Jones, 1942;  and Jones, Rake and Hamre, 1943) in which Aspergillus flavus was cultivated for the production of aspergillic acid a rapid test was used for determining potency which depended upon the inhibition of the bioluminescence of luminescent bacteria. It was this test which first disclosed the fact that a new antibiotic substance unlike aspergillic acid was being produced by the strain under altered conditions. Filtrates in which aspergillic acid is present cause disappearance of luminescence in dilutions even as high as 1-256. On the contrary, filtrates containing flavacidin, even when highly active against streptococci or staphylococci, show slight and irregular inhibition of luminescence. In the present paper further data on this new antibiotic substance are presented. cultivation of strains of Aspergillus flavus. The first strain used was the variant of the culture supplied by Dr. White which had been used by Jones, Rake and Hamre (1943) for the production of aspergillic acid. Erlenmeyer flasks of two-liter capacity containing one liter of medium were inoculated with spore suspensions prepared by placing spores, scraped from the surface of Sabouraud agar plates, in distilled water. These dry spores tended to clump and float on the surface of the water, but uniform suspensions were obtained by shaking vigorously in tightly stoppered bottles for one half hour. It was at first thought that best results would be obtained by using a heavy inoculum but later experiments, in which a series of fifteen flasks were inoculated with a spore suspension used in three different concentrations, undiluted, 10r, and 10-2, showed that better result were obtained with the lighter inocula. The average titer of five flasks inoculated with the undiluted spore suspension was 3.5 O.U. per ml., with the 10-1 dilution 5.8 O.U., and with the 10-2 dilution 6.4 O.U. Possibly a very heavy inoculum exhausts the nutrient elements in the medium before maximal production of flavicidin can be obtained. The inoculated flasks were placed in a shaking machine and subjected to moderate agitation sufficient to keep the medium well aerated. Growth occurred either in the form of small balls or as a formless mass. A light inoculum usually produced the former type of growth. With either light or heavy inocula there was heavy mycelial growth within 48 hours.
The shaking device, an adapted sifter, consisted of a carriage sliding on an angle iron platform, the motion being given by a variable speed motor driving a cam shaft which in turn operated a horizontal eccentric wheel to which the carriage was connected. This gave a circular motion at one end of the carriage and a back and forth motion at the other end. The carriage supported two trays 20 x 48 inches one above the other in which the flasks were placed and separated by suitable packing.
In common with our experience with other molds, considerable variation occurred in titers of individual flasks which contained the same medium and which had received like inocula. The difference in motion in different parts of the shaker seemed to account in some degree for the variable titers obtained.
Since the shaker was operated in a laboratory without special temperature control the optimal temperature for flavacidin production has not been determined. The antiluminescent test has also been useful in indicating the presence of aspergillic acid in partially purified preparations of flavacidin. Three sodium salts of flavacidin having potencies of 50, 107 and 214 Oxford units per mg. have shown antiluminescent activities respectively of 13, 25 and 4 R. units when compared with an aspergillic acid standard to which has been ascribed the value of 256 R. units. It is probable that this activity is caused by aspergillic acid present as an impurity in these comparatively crude preparations of flavacidin since the methods used for the extraction of flavacidin from crude filtrates would also extract any aspergillic acid which might be present. It may be noted that the preparation of highest purity had the least antiluminescent activity.
RESULTS
The ability of Aspergillus flavus to produce, under different methods of cultivation, two antibiotic substances of such diverse character as aspergillic acid and flavacidin suggested that a mutation might have occurred in the organism. In order to test this possibility cultures on Sabouraud agar were made from two flasks in which flavacidin had been produced by deep culture methods: The resultant cultures had a morphology typical of the original culture which had been used for the production of aspergillic acid. Spores from these cultures were inoculated on the surface of tryptone brown-sugar medium in Blake bottles for the production of aspergillic acid and into the same medium in Erlenmeyer flasks for the production of flavacidin by shaking. Typical yields of aspergillic acid were obtained from the Blake bottles and flavacidin from the shaken cultures in Erlenmeyer flasks.
The production of flavacidin instead of aspergillic acid by Aspergillus flavus appears to be a function both of type of medium and method of cultivation, thus when tryptone brown-sugar medium was used aspergillic acid was produced in static cultures and flavacidin in shaken culture and the method of cultivation was the determining factor. However, when a modified Czapek-Dox medium in shallow layers in Blake bottles was used flavacidin was produced. In this case the medium was unsatisfactory for aspergillic acid production but satisfactory for flavacidin. It is probable that all crude filtrates of Aspergillus jlavus cultures contain an admixture of the two antibiotic substances, the predominating substance being determined by method of cultivation. The activity of flavacidin produced in static culture even with the best medium was not as great as that produced in shaken culture. In one instance maximal activity, 2 Oxford units per ml., was reached on the tenth day when the pH was 7.8 and had begun to decline by the twelfth day when the pH was 8.
Production of flavacidin has also been obtained in larger volumes of media. A 40-liter capacity container equipped with an electric stirrer and a tube for the introduction of air was filled to one-half capacity and inoculated with a spore suspension of Aspergillus flavus. Growth occurred rapidly and within 6 days a titer of 7 Oxford units was obtained. When The range of greatest stability is thus shown to be between pH 6 and 6.6. On the acid side there is rapid loss and on the alkaline side slower loss. Penicillin filtrates are most stable at a pH of 5.5 to 6.5 and they too show a more rapid loss of activity at pH 4 than at 8.
Flavacidin shows a somewhat greater toxicity than penicillin, which may be due to small amounts of contaminating aspergillic acid. Because of the limited supply of flavacidin available only small numbers of mice were used for toxicity Since equal protection was achieved with flavacidin and penicillin when comparable doses were given, it seemed probable that excretion by the kidneys might occur at about the same rate. This proved to be the case. A solution of a sodium salt of penicillin was prepared with a potency comparable to that of a crude flavacidin filtrate which had 5 O.U. per ml. The two preparations were injected subcutaneously into groups of mice. Urine was collected at intervals from each group. Pooled samples taken at various time intervals were tested in vitro for activity. Table 3 shows the comparative activity in Oxford units per ml. of urine of six pooled samples from the two groups taken from 2 to 5 hours after injection.
In order to investigate further possible points of similarity between flavacidin and penicillin a Type III pneumococcus culture which had been rendered resistant to penicillin by passage in vitro in increasing concentrations of penicillin ) was compared with its parent culture for resistance to flavacidin. At the same time the cultures were tested with three other antibiotic substances, aspergillic acid, gramicidin, and gliotoxin. It was found that the penicillin-resistant culture was likewise resistant to flavacidin, but not to the other three antibiotic substances. The figures given in table 4 show that while there was a 32-fold increase in resistance to penicillin there was a 16-fold increase to resistance to flavacidin. The apparent greater sensitivity of the penicillinresistant culture to the action of gramicidin may be explained by the fact that cultures which have been rendered resistant to penicillin have a slower rate of growth than the parent cultures and are possibly more sensitive to an agent with such marked bacteriostatic action.
It has also been shown that a Staphylococcus aureus culture when subjected to serial passage in vitro in increasing concentrations of flavacidin readily became resistant to flavacidin and also to penicillin. Sixteen passages resulted in 30-fold increase in resistance to both flavacidin and penicillin. As is true with peared as a contaminant in a culture of Aspergillusflavus was found to be resistant to the action of both flavacidin and penicillin. This resistance was due to the destructive action for both substances of an enzyme elaborated by the culture. Seitz filtrates of broth cultures when mixed with either flavacidin or penicillin destroyed activity. The length of time necessary for complete destruction of activity was proportional to the potency of the flavacidin or penicillin, more time being required to inactivate the preparations of higher potency. Destruction of activity occurred at 250 and 37°C. Table 5 shows the degree of inactivation of flavacidin and penicillin obtained after 24 hours at 37°C. as compared with the stability of preparations of aspergillic acid, gliotoxin and tyrothricin. It will be seen that in the flavacidin and penicillin solutions of higher concentration (10 mg. per ml. and 2 mg. per ml. respectively) no inactivation was apparent after 24 hours, while the preparations of lower potency were inactivated. However, after a further incubation of 24 hours all activity in the higher concentrations had been destroyed.
DISCUSSION
As has been indicated in the foregoing, one particular variant of one particular strain of Aspergillusflavus has proven especially active in the production not only of aspergillic acid (White 1940; Jones, Rake, and Hamre, 1943 ) but also of a substance closely resembling penicillin which we have called, provisionally, flavacidin. That one strain of an organism should produce two different antibiotic substances is not a new observation, nor is it particularly surprising. Thus Penicillium notatum produces penatin as well as penicillin (Kocholaty, 1942) . If, however, flavacidin is identical with penicillin, and all the facts point to the conclusion that it is very closely related, it is perhaps more surprising that similar substances should be produced by molds believed to belong to different genera. In at least one other case it has been possible to show that two molds belonging to different genera, namely, Gliocladium fimbriatum and Aspergillus fumigatus both produce the same antibiotic substance-gliotoxin (Menzel, Wintersteiner, and Hoogerheide, to be published).
As should be emphasized, it is possible to produce aspergillic acid or flavacidin, at least in preponderance, if not to the exclusion of the other, by certain definite manipulations. These may be changes in medium while maintaining other conditions of cultivation (agitation, aeration, etc.,) unaltered; or changes in method of cultivation while using the same medium. This fact draws attention to the great importance of studying any new mold species in more than one medium and under more than one physical condition of cultivation. Earlier surveys for new antibiotic substances which have omitted this precaution, may prove to have been inadequate.
The presence of a substance other than aspergillic acid in the shaken cultures was indicated in the present instance through the use of the antiluminescent test (Rake, McKee and Jones, 1942) . This fact emphasizes the importance of carrying out at least two different types of biological assay on culture filtrates from molds of unknown potentiality in order that the presence of more than one substance may be detected.
The possible identity of flavacidin with penicillin has been based up to the present mainly on biological grounds. Since pure flavacidin is not yet available, chemical means of identification may be lacking for some time although indications of chemical similarity do already exist (McKee and MacPhillamy, 1943) . However, at least two of the biological tests, namely, that of susceptibility of penicillin to a flavacidinase and also the fact that induced resistance of organisms to penicillin enhanced resistance to flavacidin and vice versa, are of such a nature that one can safely predict the close chemical similarity if not identity of the two substances.
SUMMARY
The mold, Aspergillgus flavus, produces under certain conditions a substance flavacidin which resembles penicillin.
Submerged growth in a modified Czapek-Dox medium with agitation and aeration is the most suitable of these conditions.
The biological characteristics of flavacidin and penicillin are similar: (a) both are highly active against gram-positive organisms and relatively inactive against gram-negative bacilli, (b) both protect mice in equal degree against pneumococcus infection, (c) both are highly soluble and hence are readily absorbed after parenteral inoculation and are quickly excreted by the kidneys, (d) cultures resistant to the action of penicillin are resistant also to flavacidin but not to other antibiotic substances, (e) an enzyme active against penicillin is active also against flavacidin but not against other antibiotic substances. 
